R T

. Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3

STAT
February 6, 1969
He
lee 3/%}é%?
Contracting Officer
Post Office Box 6788
Fort Davis Station
Washington, D.C. 20020
Dear Sir:
Attached herewith are three copies of the final
report covering Phases 1 and 2 of Contract{:::::]Task STAT
Order 18, Work Order 1. This report presents an evalua-
tion and error analysis of the two odel STAT
552A101 High Precision Stereo Viewers. Recommendations
are included for future actions which can attain the
desired measurement accuracies.
If vou have anv auectinng on this report, please
STAT contact r myself at our[::::::::] STAT
STAT {ac1llty.
Sincerelv. STAT
(-]
vireciLor
Washington Systems Laboratory
JTIK:am °
Attachments 3
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jnting accuracy is at least as good as indicated above., Since two readings
v P ‘ .

were takCJL %t all subsequent measurements, the standard error of the
) I
d average can be found by dividing the standard deviation of one setting by the

|
square ro{ot of two or:
# : i

s. = £0.0008 mm.
e x
o +
k .s_-= - 0.0008 mm.
y
r ' Hence, the errors in pointing are of the same order of magnitude as
"',xh_..:,. the errors in the grid,
_— C. Mechanical Operating Problems
s _ The following erraticisms in mechanical operating' characteristics
i?—”? were noted during the evaluation procedure.
i:--"j ' » :
(1.) Drift., The most noticeable and identifiable cause of non-reproduca-
e bility of coordinate readings was drift -- i.e., it was noted that the pointing
s mark could be set at a grid intersection; and then would drift away from the
e intersection with time, The coordinate counters did not move during this
mr‘w‘ drift -- i.e., different readings were obtained when the measuring point was
Ly § ' : _
moved back to the grid intersection. The following set of readings indicate
4
EQ the variations in coordinate readings for a given point with time. (Note: the
s i x coordinate remained constant; drift occurring in the y direction only.)
g »
b Time : y Coordinate Reading (mm.)
" - 12:16 - 72.186
o ~ 117 : . 189 : o
‘ :18 . . 190 - -~ net change:
ey © 120 - . 192 ' : 12 microns
1 22 . 194 '
= :56 . 198
o ; These data were collected at the right stage of Instrument No. 104, However,
comparable drifts were noted at the left stage of No. 104 and the right stage
- ﬂ?_i . - .
A
s ud N
™
L
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of No 1011 In a 15-minute trial, no drift was noted at the left stage of
¥ bl .- .

o
<t r.

! .

101 ;'Thcrc was no drift in the x direction at any of the four stages.
J

Further evidence of the '"drift" in y-coordinate readings, and the

. «ure of the drift, can be seen by comparing the readings obtained on two

jpreses over the 25 points measured on the left half of the right stage on

ty: trurnent No. 104, (There were 5 lines of 5 points ¢ach; pass 1 was made
ir; the order shown in Figure 1b. The values in Figure lc are the difference
in y rcadings for the two passes.)

Note that the discrepancy in y-coordinate measurements increased as
the time between readings at the points increased -- i.e. s thé'two readings
for the point in the upper left corner were taken in succession with little
time lapse or movement of the'optical head between réadings, whereas the
scrics of readings was started with the point in the lower right corne-r and
the pass 2 readings for this point were not taken until the end of the series.
Note further that the diécrepancies for a given row are fairly consistent and
major changes seem to occur between rows. This leads o.ne to suspect the
instrument is "binding" in the y mo.tion; the major "'binds' occurring when
the reading head is mox;ed from one row to the next., A major disruption in
the pattern occurs in the fourth row. from the top. However, it is possible
some of the binding '"relaxed' in moving from the fifth point to the fourth
peint in that row.

It should also be noted that if the instrument was left in the position
st which the final readi;lg in pass 2 was obtaiﬁed, the afofementioned drift
tended to bring the instrument back to the original reading -- i.e., the 8
tnicron discrepancy in the point at the lower right corner in Figure 1 tended

to decrease with time, Further, it was noted that if the reading head was
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moved rapidly back and forth in the y direction, it was possible to obtain
the original reading.

From the above observations, it is hypothesized that.the mechanical
operation of the instrument is not satisfactory -- i.e., there appears to be
a tendency for Lhe reading head to "stick' or "bind'" in the y direction. This

binding may release gradually, as eyidericed-by the slow drift of the reading

head in the y direction, or in spurts as indicated by the readings in row four:

in Figure 1.

T

(2.) "'Stuttering. "  When y motion of the reading head was initiated
by the joy stick, a noticeable ''stuttering' occurred, clearly visible to the
operator as an apparent vii)ration in the image. Further, when the instru-
g ment reading head was in motion in the y directioh, a ''groaning' noise wasv
3 clearly audible to the operator or anyone in the immediate vicinity. These
observations lend credence to the belief that the y motion of the i;lstrurnent

is not funétioning properly.

The vibrations and noises were noted at both stages of both instru-
ments.

P (3.) Variations in focus. Another indication of improper motion in

the reading head is the fact that the focus changed as the reading head trav-

elled over the area of the calibration plate -- i.e., the focus could be set for

one grid intersection and then, when the reading head was moved to another
intersection and another part of the calibration plate, the grid would be

slightly out of focus; at still another point, it might be back in focus. This

phenomenon indicates the reading head is not moving in a plane parallel to
the grid plate. Apparently, the reading head moves in the vertical direction

while traversing the grid plate. Again,' this could be due to binding in the

R L RS T

mechanical operation of the instrument,

B
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1I. EVALUATION OF SERIAL RIGHT STAGE STAT
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It 'was not possible to purchase a 9 x 18-inch grid of sufficient quality

¢.r ihe cvaluation. A 9 x 9-inch grid plate was purchased, having a rectan-

O .

~utar grid mesh of 10 millimeéters, and a calibrated accuracy of ~i-0. 8 microns
% i both-the x and y directio_ns. Not all of the avvailable grid intersections

were used i‘n the evaluation procedure -- the spajcing between rows and
i to(ween columns being 50 millimeters for the evaluation. Since the grid
i plate was roughly half the size of the stage of the instrument., it was
recessary to measuré the grid plate in two positions. The readings taken

with the grid on the right side of the stage were then tied to the readings

taken on the left side through the use of a standard rotation-translation

-y

transformation based on the grid points along the common edge which over-

lapped at the center of the stage. In all, then, the total area in which grid

TEN—

mcasurements were taken was 200 mm. by 400 mm., with a point spacing of
} 50 mm. (approximately 2 inches); resulting in a 5 x 9 grid (8 x 16-inch), for

§ a total of 45 points.

B. Evaluation of the Mensuration Accuracy in the Present Condition
The instrument readings were transformed to the '"perfect' grid

through the use of a least—.squares rotation-translation transformation which

raintained the geometric integrity éf the instrﬁment readings. This permits
onc to assess the mensuration accuracy of the iﬁstrume;lt in its present state
-- i.e,, without any corrections or adjﬁstrnents to the basic readings. (The
instrument reédings have merely been rotated and translated to giv'e the best

fit to the grid; their relative positions have not been changed.) Figure 2

Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78BO477OAOO170'0070014-3
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v atos (heeorrors obtained at the instrument in its present state. The
ynidicates theee

t ;:-,_r‘i-

HY

li:u“;i represent the perfect grid, and the blue lines represent the grid '
¢ - .. mmeasurcd by the instrument. Note that the errors have been

po tf han e _

S data gi-catly exaggerated scale as compared to the scale of the grid,

< gof the data for Figure 2 indicates the mean magnitudes of the

H l
.

.»*:f:/ ‘
./ i

d
§oa-

s

i the x and y coordinates for the 45 poirité to be:

1

; m

o
[}“’

y 0.0100 mm. = I0.0‘microns

v 0.0148 mm. = 14.8‘microns

Further analysis of the data shows the scale errors in the x and y

irgctions to be:

O
P
s

i

dM_ = +0.0075% (7.5 microns per 100 mm. )

b L

| M +0.0240% (24.0 microns per 100 mm.)

O

and the non-orthogonality of the axes to be:

i df = 0.000094 radians | :

| C.. Accuracy After Removal of x and y Scale Errors and Non-orthogonality

of Axes

It is possible to remove the effects of x and y scale errors and non- o
orthogonality of the axes by transformation of the instrument readings

through the use of the following transformation equations:

%, = Ky (1AM -y, (d8)

Y, Yin® (l—dMy)

where (xa, ya) are the coordinates after adjustment and (Xm, ym) are the

| measured coordinates. Substituting the values for scale errors and non-

i orthogonality given in (2) above, the equations become:

il Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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1

(+0.999925)x _ -(0.000094)y__

y, = (+0.999760)y

pLue values for the scale errors and non-orthogonality were determined
., .sh the usc of a least squares adjustment of the instrument readings
VS w . ’

¢, g1 the 45 points.)

The red lines in Figure 2 indicate the values obtained for the grid

-

Linr adjustment for the scale errors and non-orthogonality of axes. Note

tne Uiit" is considerably improved. The mean magnitudes of the errors in

¢,n % and y coordinates after adjustment are as follows:

o Spp—

B
1

0.0040 mm. 4,0 microns

O..0031 mm. 3.1 microns
Ya .

8
i

L ———

The errors in the raw coordinate readings (indicated by the blue

’ lincs) for each grid positi(;n are given in Table 1, Columns (3) and (4); the

% crrors after adjustment of the coordinate§ for x and y scale errors and non-
othogonality of the axes (indicated by the red lines) are given in Columns (5)
snd (6). Note that improvements of 60% in the x coordinates and 79% in the y
coordinates can be obtained by the utilization of the adjustment equations,

i To summarize, errors as represented by the blue lines can be
expected if the "'raw" readings as obtained from the instrument in its present
} state are utilized; the érrorsv can be reduced to those indicated by the red

lines through transformation of the instrument readings utilizing the equa-

tions given above. However, it must be remembered the effects of drift and

! stuttering have probably been averaged out through the use of the average of
L ' .

- replicated readings at the points and the adjustment procedure. Larger
3 ¢rrors could be encountered if single readings are taken at points distributed
r

,‘ Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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STAT

RIGHT STAGE

1v. EVALUATION OF SERIAL NO.
, .

‘ . .
| | 7

f /
!
; A ?‘Acasdring Procedure
‘ | The measuring procedure was the same as that described for the left

- i.e., the grid plate was measured in two positions

:STAT j ptage of Scrial No.
H - .
‘ and then ticd together, resulting in a 100 mm. grid spacing and a total of 15
£ jooints,

1. Evaluation of the Mensuration Accuracy in the Present Condition
The results

e —— L

The procedure was the same as described previously,
l are presented graphically in Figure 4. Thé mean magnitudes of the errors

in the x and y coordinates for the 15 points were found to be:

m = 0.1289 mm. = 1?8. 9 microns
} mY = 0.0791 mm. = ~ 79.1 microns
ll Further analys.is_ of the dataA ‘shows the scale errors in the x and y
1 dircctions to be: |
| dM_ = -0.0025% (2.5 microns per 100 mm.)
dM_. = +0.0124% (12.4 micx.‘olns per 100 mm.)

and the non-orthogonality of the axes to be:

dB = +40.002555 radians

i, s

}: C. Accuracy After Removal of x and y Scale Errors and Noh—orthogqnality -

',é‘
l of axes.

Substituting the specific values for scale errors and non-orthogonality

i ’ given above in the previously cited adjustment equations results in the

following:

_‘ Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3



Declassified in Part - Sanitized Copy Appfoved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3 |

- -

. 18

"
1

/ . B .
. (+1.000025)x  -(0.002555)y

o
1

(+0.9998 75)ym

The mean magnitudes of the errors in the x and y coordinates after

adj annts are as follows:

m

0.0045 mm. = 4.5 microns
x e

H
Hi

/ ‘ a
S m 0.0050 mm. 5.0 microns
r'/ ; Ya " :

[’ ' Notc that the original errbr values for this stage are very‘high
¢vuanared to the other three stages. This is due to a ;/ery poor relative
% ranent of the axes -- i, e. , the non-orthogonality is exceptionally high
xingu radians, or approximately 0 09'). Note further, however, that the
srs after adjustment compare favorably in magnitude with those of the
wih ,\n three stages Thu° the non- orthogonahty can be compensated for
e %uatuly through the ad_]ustment equations, |

' The errors in the raw coordinate readings (indicated by the blue

~ lines) for each grid position are given in Table 3, Columns (3) and (4); the L

errors after adjustment of the coordinates for x and y scale errors and non-
orthogonality of the axes (indicated by the red lines) are given in Columns (5)
and (6), Note that improvements of 97% in the x coordinates and 94% in the y

coordinates can be obtained by the utilization of the adjustment equations.

_: . Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3 o
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Table 3 - Errors in Grid Coordinates
) Instrument Serial S Right Stage STAT

19

Errors in '"Raw'' Measurements Errors after Adjustment

_ rid Position

{‘,’,3}3‘_:.L . {(Microns) "(Microns)
€ (]
Yo ®x . ez . *a Ya
? 100 +187 115 -8 +.1
1100 +197 - 49 + 4 + 2
$100 +187 + 21 -4 + 8
+100 +189 . + 83 -1 + 7
£100 +191 +135 + 4 . -5
0 + 3 -137 -1 -9
0 + 12 - 70 +10 -6
. 0 - 2 + 4 -2 4
0 - 2 + 59 + 1 -5
0 + 0 +117 + 4 -11
-100 -189 -140 -2 + 0
-100 - -179 - 78 +11 -2
_ ~100 -197 - 5 -6 + 7
.- -100 -201 + 59 -7 + 8
oo -100 -198 +115 - 3 +0
Lee . <f absolute values 128.9 79.1 4.5 5.0

Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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v. -EVALUATION OF SERIAL NO, LEFT STAGE STAT

! S0 asuring Procedure

STt PR
-

The measuring procedure was identical to that used at the right stage

¢ i spstrument.

<. -..iuation of the Mensuration Accuracy in the Present Condition
The procedure was the same as described previously. The results

sy presented graphically in Figure 5. The mean magnitude of the errors in '

+. - = and y coordinates for the 15 points were found to be:

. ' ) m_ 0.0124 mm. = 12,4 microns

0.0085 mm. = 8.5 microns

m
y

Further analysis of the data shows the scale errors in the x and y

directions to be: .
dM_ ‘= +0.0050% (5.0 microns per 100 mm.)
- dMy = 40.0084% .(8.4 microns per 100 mm. )

and the non-orthogonality of the axes to be:

dB = +0.000173 radians

c. Accura.cy After Removal of x and y Scale Errors and Non-orthogonality

of Axes
Substituting the specific values for the scale errors and non-
¢rthogonality given above in the preiriously cited adjustment equations

results in the following:

I

x

x, = (+0. 999950)xm -(0.000173)y

Y. (+0. 999916)ym

j Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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Thelr mean magnitude of the errors in the x and y coordinates after
|

adjustment are as follows:

0.0063 mm. = 6,3 microns

3
it

0.0057 mm.

1

5.7 microns

3
i

. The errors in the raw coordinate readings (indicated by the blue lines)
for each grid position are given in Table 4, Columns (3) and (4); the errors
after adjustment of the coordinates for x and y scale errors énd non-
orthogonality of the axes (indicated by the red lines) are given in Columns
(5) and (6). Note that:improvements.of 50% in the x coord_inates and .33% in
the y coordinates can be. obtained by the utilization of the adjustment

cquations.,

mm Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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Table 4 - Errors in Grid Coordina’zes
. Instrumént Serial Left Stage STAT
22
E i owagnition Errors in "Raw' Measurements Errors after Adjustment
i e :.;MM (Microns) (Microns)
{ i _7_";.:,1‘-“-'--——-—- . ‘
| € eX ey
! . e : .
,,31:'_ X __ . vy a a
+100 o +11 + 0 + 8 + 0
E +100 +5 + 2 -3 -2
| : 1100 + 7 -1 -6 -9
* $100 +16 + 5 -2 - 8
; 100 » +26 +25 + 3 + 8
' 0 -1 ' 2 + 9 +10
f 0 -9 -4 + 5
| 0 -5 - -5 -3
: 0 + + 3 - 4 -2
' 0 +18 + 20 + 8 +11
-100 =16 , -14 + 7 + 3
-100 o -22 -14 -4 -1
C -100 -25 -18 -12 -9
: -100 -14 -13 ‘ -6 -9
-100 +10 + 6 +13 | + 6
} £ abuolute values: 12.4 8.5 © 6.3 5.7

by

VT Wty W T TR e e

Eo——
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REPORT ON EVALUATION OF TWO MENSURA TION TABL_ES

AND PRELIMINARY ERROR ANALYSIS

%//’, /'; qm/;’”/ﬂ/%p’/&/ " cover /eﬁé/’ caﬁé
%Z e 7//;/2/ ké/wf//o/ .7 canThacl”

STAT

January 1969
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I. INTRODUCTION
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Evaluations of both stages of two %ensuration STAT

— s mstrament 15 #5 (gh) Hdhe /fm/][

light tables were performed through instrument measurements of a calibrated

grid.. The two mensuration tables are identified as Model No. 552A101
IEG - [AS

?

Serial Nos,

| In making the measurements, it became apparent

the mechanical operating condition of these tables was unsatisfactory, as
evidenced by the fact that the same coordinate readings could not be obtained
for a given point after the reading head had been moved away from the point

and then returned. Probable causes of the incompatible readings are given

v.later. (7? 3{)««\{&,‘,4@%57(5%// 7 /Ofi’/lﬂpﬁ w/a/ /% /M/f:fﬁ/cll//h pJf 5077;//7!(,

A(p\reliminary“\error analysis was conducted for each stage to 7 %/6/9‘7/47”§d4
determine the degree of non-orthogonality between the two axes, the scale
error along the x-axis, and the scale error along the y-axis. Values derived

) Jiterrove wid e cry B 2.3,8,0,0 o s07 Jlotee s s
for these quantities must be@proximat/e due to the non-reproducability of < 7 Ve

L

coordi_na.te'readings, as mentioned above. The poor operating characteristics
of the tables precluded the investigation of minor error sources such as
periodic lead screw error and curvéxture of the ways. Evaluation of these
latter errors must await proper operating characteristics, compensation
for scale errors in the x and y directions, and alinement of the coordinate
axes of the instrument to an orthogonal position.
A. Grid Plate R /

 Wbxzans mn T pIENILEY S 2203230 B Jrid

A 9 x 9-inch precision Grid Plate was obtained from the VEB Carl
Zeiss Jena Company. An accompanying calibration report indicated the grid
graduation was measured at 33 point§ evenly d/iftri'buted o;(er the plate, The
O S A Ry

A N - A o
mean errors of position in both coordinate directions relative to an ideal

grid (with a mesh size of 10,0000 mm. ) defined according to the least squares



1 ) A - -
g
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~

method were determined from these measured values., The mean errors of

position obtained were as follows: ///fut//

m_ = 0.0008 mm. . Gre
. t 3/1(’- /!'l"l "
m = t'O 0008 mm | Crror=
y o : of 22 /M,fz//e;

The graduation errors ascertained with respect to the 33 grid inter-
54(/00/64/ *’l//f /f-ﬁ :/K/o
sections are listed in the calibration report, However, for purposes of
evaluation, error analysis, and alinement to the accuracies specified for
these instruments (i.e., distances measured must be accurate to within

12,5 microns + 0. 005% of the distance measured), the grid may be considered

"perfect'" or error-free,

B. Operator Pointing Error

Replicated x and y coordinate measurementé were made at 33 points
te determine how well the operator could reset the pointing mark at the grid .
intersection. The_ma;cimum instrument ma-_gnificafion capabilit% (128 X)
was used for these measurements and all subsequent ex}aluation measurements,
The width of the grid lines is 15 microns; the diameter of the point mark is
also 15 microns at the magnification used (witﬁ the pointing mark dot size
set at maximum),

Analysis of the replicated readings indicate the standard deviation of

’one/ setting to be: /. .
CE., //;:7 yege Fe an ‘,/ | sx =t 0.0011 mm. . /)0//77§/77 QLeuvaed]
HMeE ., ({Qé/ﬁ[ 0/37'/ wiree ) _+434 3/{—!97 C///Za//

i+

s = 0.0011 mm.

It should_l:f J—noteél fhe(rgphcated readmgs were taken/w1thout(ma._]or/m?zc_e,ment‘sva

of the optlcal readlng h::d\énd it is hoped the mechanical operating problems

rcc -1 A

5¢6 /u = Yy ) j)//f 597%”\7- ,wa‘[/jé&

alcté

7%/6

- w/ﬂZVL RS

d1d not affect these readings, but this cannot be assured. At any rate, the #¢ 4 ’f//%
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pointing accuracy is at least as good as indicated above. Since two readings
were taken at all subsequent measurements, the standard error of the

average can be found ,i)y dividing the standard deviation of one setting by the

square root of two or:

+

Hea
s, = - 0.0008 mm. F//f;ny
* 36 u Sy //l(r
s = 0.0008 mm. &

y | ///uo Se 7//7‘

1+

Hence, the errorg in p01nt1ng are of the same order of magnitude as

. L o
rre) — P machie  @ries
the errors in the gr1d. Wrﬂ/&//wﬂ/éﬂlf s pov maciine

C. Mechanical Operating Problems

" The following erraticisms in mechanical operating characteristics
were noted during the evaluation proéedure.

(1.) Drift. The most noticeable and identifiable cause of non-reéroduca— |

bility of coordinate readings was drift -- i.e,, it was noted that the pointing
mark could be set at a grid intersection, and then would drift away from the
intersection with time. The coordinate counters did not mo{ze during this
drift -- i.e., different readings were obtained when the measuring point was
moved back to the grid intersection. The following set of readings' indicate
the variations in coordinate readings for a given point with time. (Note: the

x coordinate remained constant;\qxjift occurring in the y direction m)ﬁ

Time , y Coordinate Reading (mm.)

12:16 72.186
117 . 189
118 : . 190 : net change:
:20 . 192 : 12 microns
22 : .194 '
:56 . 198

These data were collected at the right stage of Instrument No. E However,  STAT

comparable drifts were noted at the left stage of No. and the right stage STAT
P ‘ g g g
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| | bul peasqrenme q/ 21707 19 4
l ’ - e slage 1o /ﬁ.«ft’/ e 1+
. fil & iHs f v = se€ Fo.z?
STAT of No. E In a 15-minute trial, no drift {as Hoted/at the left stage of
STAT No. E There was no drift in the x direction at any of the four stages.
l Further evidence of the "'drift" in y-coordinate readings, and the
nature of the drift, can be seen by comparing the readings obtained on two
I ~ passes over the 25 points measured on the left half of the right stage on
STAT Instrument No. E (There were 5 lines of 5 points each; pass 1 was made -
¥
l : in the order shown in Figure 1. The values in Figure lc are the difference

in y readings for the two passes.)

Note that the discrepancy in y-coordinate measurements increased as
the time between readings at the poinf;s increased -- i.e., the two readings
for the point in the upper left corner were taken in succession with little
time lapse or rnbvement of the optical head between readings, whereas the
series of readings was started with the point in the lower right corner and
the pass 2 readings bfor this point were not taken until the end of the series.
Note further that the discrepancies for a given row are fairly consistent and
major changes seem to occuxi between rows. This leads one to suspect the

instrument is '"binding'" in the y motion; the major ""binds" occurring when

the pattern occurs in the fourth row from the top. However, it is possible
some of the binding '"relaxed" in moving from the fifth point to the fourth
point in that row.

It should also be noted that if tvhe instrument was left in the position '
at which the fina.i reading in pass 2 was obtained, the aforementioned drift
tended to bring the instrument back to the original reading -- i.e., the 8

micron discrepancy in the point at the lower right corner in Figure 1 tended

to decrease with time. Further, it was noted that if the reading head was

' the reading head is moved from one row to the next. A major disruption in

i— Declassified in Part - Sanltlzed Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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Fisure ). Example of Drift jn y- Coordinztes ‘ :
(5o mm. grid; Serial right stage, Jeft half) STAT:
‘ )
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moved rapidly back and forth in the y direction, it was possible to obtain
the original reading.

From the above observations, it is hypothesized that the mechanical
operation of the instrument is not satisfactory -- i.e., there appears to be
 a tendency for i:he reading head to "stick' or ""bind" in the y direction. ' This

binding may release gradually, as evidenced by the slow drift of the reading -

head in the y direction, or in spurts as indicated by the readings in row four

in Figure 1.

(2.) !'Stuttering." When y motion of the reading head was initiated ILLEGIB

by the joy stick, a noticeable ''stuttering'' occurred, clearly visible to the
operator as an apparent vibration in the image. Further, when the instru-
ment reading head was in motion in the y direction, a "groaning'' noise wasg
clearly audible to the operator or anyone in the imfnediate vicinity. These
observations lend credence to the belief that the y motion of the iz‘15trument_
is not functioning prop;arly.

The vibrations and noises were noted at both stages of both instru-

ments. . - ILLEGIB

(3.) Variations in focus. . Another indication of improper motion in

the reading head is the fact that the focus changed as the reading head trav-

elled over the area of the calibration plate -- i.e., the focus could be set f¢

< q s . . : Sa7 ), IS
one grid intersection and then, when the reading head was moved to another /V:Z "‘ o
- ik as

~intersection and another part of the calibration plate, the grid would be well

slightly out of focus; at still another point, it might be back in focus. This
phenomenon indicates the reading head is not moving in a plane parallel to
the grid plate. Apparently, the reading head moves in the vertical direction

while traversing the grid plate. Again, this could be due to binding in the

mechanical operation of the instrument.

i Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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It is irﬁpdrtant that the focusing adjustment not be tampered with
during the course of a set of readings. Refocusing can cause a shift of sev-
eral microns in the position of the measuring mark. This is particularly
true for the left stage of Instrument No. E where a shift of up to 30 STAT
microns was noted. The shifts at the other three stages were much smaller,

(4.) Environmental conditions. If the accuracy of the instruments

is to be enhanced, and then maintained, it is essential that the temperature
in the instrument rooms be kept within a narrow range. Further, it appears
that more attention to cleanliness and maintenance will be required. The
instruments are quite '"'dirty' and one suspects they have not been lubricated
since their delivery. For the accuracies desired it is probably not essential
that perfectly vibration-free floor space be provided for the instruménts.
However, certaip caré must be exercised because of the "soft! foundation
provided for the instruments by the foot pads. It was noted that a shift in
the measuring mark Of approximately 8 microns occurred when someone

leaned on a corner of 'the instrument.

4
4
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II. EVALUATION OF SERIAL NO. RIGHT STAGE STAT

A. Measuring Procedure

It was not possible to purchase a 9 x 18-inch grid of sufficient quality
) s b ek by (eses oo ;:::;-)
for the evaluation. A 9 x 9-inch grid plate was purchased, having a rectan-
gular grid mesh of 10 millimeters, and a calibrated accuracy of t0.8 microns
in both the x and y directions. Not all of the available grid intersections
were used in the evaluation procedure -- the spacing between rows and

between columns being 50 millimeters for the evaluation. Since the grid

plate was roughly half the size of the stage of the instrument, it was

© necessary to measure the grid plate in two pésitions; . The readings taken /Mu/ﬁn
with the grid on the right side of the stage were th.en tied to the readings //,,

taken on the left side through the use of a standard rotation-translation [9/\:49/? "

transformation based on the grid points along the common edge which over-  [{iliastii ]

v INE e

lapped at the center of the stage. In all, then, the total area in which grid
measurements were taken was 200 mm. by 400 mm., with a point spacing of
50 mm. (approximately 2 inches); resulting ina 5 x 9 grid (8 x 16-inch), for

a total of 45 points.

B. Evaluation of the Mensuration Accuracy in the Present Condition
The instrument readings were transformed to the '"perfect" grid
through the use of a least-squares rotation-translation transformation which

~ maintained the geometric integrity of the instrument readings. This permits

) - . f.ﬁ ”- o i
one to assess the mensuration accuracy of the instrument/in its present state O
S e

- ~..

4 / 5
-- i.e., without any corrections or adjustments to the basic readings. /’(jﬂhe‘ \

instiument reva;d'ings/ have merely been rotated and translated to give the best
uit P he g/r’id; their relative positions have not been changed.) ' Figure 2
= T T Y T T

lnslie ’,3.;:’@“ 7z fa&/&/ﬂmé /?(w{%t 5 “ 'owl /1/7?// e &

al
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indicates the errors obtained at the instrument in its present state., The

D 2% 9

: reeH
black lines represent the perfect grid, and the @e lines represent the grid
as it was measured by the instrument. Note that the errors have been
plotted at a greatly exaggerated scale as compared to the scale of the grid.
Analysis of the.data for Figure 2 indicates the mean magnitudes of the |

“errors in the x and y coordinates for the 45 points to be:

m

» 0.0100 mm. = 10.0 microns a - AL

m 0.0148 mm.

Y

14.8 microns

\

Further analysis of the data shows the scale errors in the x and y

~ directions to be: - : '

de +0.0075% (7.5 microns per 100 mm.)

dMY +0.0240% (24.0 microns per 100 mm.)

and the non-orthogonality of the axes to be:

d8 = 0.000094 radians

C." Accuracy After Removal of x and y Scale Errors and Non-orthogonality
of Axes |
It is possible to remove the'kéffects of x and y scale errors and non-
orthogonality of the axes by transforrﬁation of the instrument readings

. through the use of the following transformation equations:

il

X

o x - (_I-de) -y'm(dB )

"

Vo = Vpur (179M)

a

where (Xa.’ ya) are the coordinates after adjustment and (xm, ym) are the

measured coordinates. Substituting the values for scale errors and non-

orthogonality given in (2) above, the equations become:
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Tals o 4’/e¢-:’-':mw( |

"
1"

(+0.999925)x _ ~(0.000094)y__

]}

y, = (+0.999760)y
(The values for the scale errors and noh-orthOgonality were determined
througfl the use of a least squares adjustment of the instrument readings

~ from the 45 points. ) “

The red lines in Figure 2 indicate the values obtained for the grid
after adjustment for the scale errors and non-orthogonality of axes. Note

. ILLEGIB
the "'fit" is considerably improved. The mean magnitudes of the errors in

the x and y coordinates after adjustment are as follows:

0.0040 mm. 4,0 microns

1

3

0.l0031 mm., 3.1 microns

5

The errors in the raw coordinate readings (indicated by the bime 7fee//l
lines) for each grid position are given in Table l, Columns (3) and (4); the
errors after adjustment of the coordinates for x and y scale errors and non-
othogonality of the axes (indicated by the red lines) are given in Columns (5)
and (6). Note that improvements of 60% in the x coordinates and 79% in the y
coordinatee can be obtained by the utilizat.:ion of the adjustment equations. ILLEGIB

To summarize, errors as represented by the blue lines can be

expected if the '"raw" readings as obtained from the instrument in its p
state are ufili.zed; the errors can be reduced to those indicated by the z
lines through transformation of the instrument readings utilizing the eq
tions given above. However, it must be remembered the effects of dri
stuttering have érobably been averaged out through the use >of the avera

replicated readmgs at the p01nts and the ad_]ustment procedure Large

errors could be encountered 1f single readings are taken at points distxy
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~ True Grid Position
(mm.)

X
8
-200
-150
-100
- 50

0

+ 50,
+100
+150
+200
-200
-150
100
- 50
0

+100
+150
+200
-200
-150
-100
- 50

0
+ 50
+100
+150
+200
-200
-150
-100
- 50

0
+ 50

+150
+200
-200
-150
-100
- 50

0
+ 50
+100
+150

+200
!ﬁeram of absolute values:

Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 CIA- RDP78BO4770A001700070014 3

+ 50

+100

B T I NS
(9
o

-100
-100
-100

-100
-100

-100
-100
-100
-100

Table 1 -

Instrument Serial No. B Right Sfage

Errors in "Raw' Measurements

Errors in Grid Coordinates

Errors after Adjustment

-~

11

(Microns) (Microns).
e
e [S] X y
X Y
-11 +18 - 3 -2
-11 +16 -7 -4
-5 +21 -5 -1
-1 “+21 - 4 -2
+ 4 +29 -3 +5
+14 +28 + 3 +3
+21 +29 + 6 +3
+15 +28 - 3 +1
+21 +23 -1 -5
-6 + 4 + 5 -4
- 8 + 3 -1 -5
+ 2 + 7 + 6 -3
+ 3 + 9 + 3 -2
+ 8 +15 + 4 +3
+16 +14 + 8 +1
+22 +15 +11. +1
+16 +14 + 1 -1
+20 + 7 +1 -9
-17 + 0 -2 +4
-19 + 1 - 8- +5
-7 +1 0 +3
- 7 + 3 -3 +4
-5 + 7 -5 +7
+ 3 + 4 -1 +3
+12 + 7 + 4, +5
+ 4 + 7 -8 +4
+ 9 + 1 -6 -3
-17 -18 + 2 -2
-17 -20 -2 -4
-5 -15 + 6 -1
-7 -12 + 1 +1
- 4 -6 + 0 +6
+ 5 -10 +5 +1
+13 -7 + 9 +3
+ 5 -7 -2 +2
+ 6 -13 -5 -5,
-22 -30 +0 -2
-21 -30 -3 -2
-10 -29 + 5 -3
-14 -27: -3 -2
-8 =21 -1 +3
+ 1 =22 + 4 +1
+ 7 -20 + 7 +2
-2 -22 - 6 -1
+ 0 -27 -8 -7
10.

STAT
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randomly over the stage. Further, the reproducability of the accuracies
reported above cannot be guaranteed as the drift effects are not entirely
systematic.

The errors remaining after adjustment (i.e., indicated by the red
lines of Figure'Z and Columns (5) and (6) of Table 1) are due to aberrations
in the mechanical operation of the instrument, periodic lead screw errors,
curvature of the ways, erroré in the grid (very small), errors in pointing
(very small), etc. Differentiation of these errors is not possible due to the

'"Masking'' effects of the mechanical aberrations (drift, binding, etc.).

ILLEGIB -
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III, " EVALUATION OF SERIAL NO, E LEFT STAGE

13

A. Measuring Procedure

P‘relirhina.ry analysis of the data collected at the right stage of
Instrument No.'gindicated that it would not be possible to assess minor
error sources in the tables in their present condition. Therefore, it was
decided to increase the grid spacing to 100 mm. for data collection at the (
other three stages to be evaluated. The total area in which grid measurements
were taken remained 200 mm. by 400 mm. ; but with the spacing of 100 mm,
(appfoximately. 4 inches), the total number of grid intersections r}neasurved
was reduced to 15. Otherwise, the measuring procedure was the same as
described for the evaluation of the right stage, including the measurement
of the plate in two positions and the subsequent tying together to give one set
of data,
when the measurements were made with the plate on the right half of this
stage, When the malfunctioning was noticed, a slight adjustment to the
counter was made, and a second set of measurements appeared to be satisfac-
tory. Later, more detailed office computations indicated the measurements
were not satisfacfory and could not be used in the evaluation process. When
the grid plate was moved to the left half of the stage; the faulty electronic
counter was replaced. Hence, evaluation of this stage of the instrument is

based on coordinate measurements taken at the left half of the stage only. -

.The resultant grid coordinate measurements (from a total of 9 points) are

sufficient to provide a general evaluation of this stage. Somewhat higher

error values would be expected if data from the total stage area were

Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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available, but the available data can be used to determine the presence and

magnitude of scale errors in the x and y directions and non-orthogonality of

the axes.

B. Evaluation of the Mensuration Accuracy in the Present Condition

The evaluation procedure is similar to that outlined earlier for the

STAT right stage of Instrument No. Figure 3 indicates the errors obtained

at the instruménf in its present state. Again, the black lines represent the

: ree,
perfect grid, and the zmnlines represent the grid as it was measured by the
ipstrument. Analysis of the data for Figure 3 indicates the mean magnitudes
of the errors in the x and y coordinates for the 9 points to be:

m
X

0.0093 mm. = 9,3 microns

m, 0.0116 mm. = 11,6 microns
I_ Further analysis of the data shows the scale errors in the x and y

directions to be:

dM
: X

-0.00429% (4.1 microns per 100 mm, )

dMy +0.0090% (9.0 microns per 100 mm.)

and the non-orthogonality of the axes to be:

dB = 0,000247 radians

C. Accuracy After Removal of x and y Scale Errors and Non-orthogonality

of Axes

When the values for the scale errors and non-orthogonality for this

stage are substituted in the previously mentioned equations, the resultant

X
a

It

(+1.000042) %  -(0.000247)y__

y, = (+0.999910)y,

l adjustment equations are:

Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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The red lines in Figure 3 indicate the values obtained for the grid
after adjustment for the scale errors and non-orthogonality of axes. The
mean magnitude.s of the er‘rors in the x and y coordinates after adjustment
are as follows:.'

0.0017 mm. = 1.7 microns

3
[t}

0.0038 mm,

m 3.8 microns

Ya
reen
The errors in the raw coordinate readings (indicated by the Zh;e
lines) for >each grid position are given in Table 2, Columns (3) and (4); the
errors after adjustment of the coordinates for x and y scale errors and non-
orthogonality of the axes (indicated by the red lin‘es) are given in Columns (5)
and (6). In this case, improvements of 82% in the x coordinates and 68% in
the y coordinates can be obtained by the utilization of the adjustment
equations, 'i‘he same qualifications as to the validity of these conclusions

mentioned in the discussion of the evaluation of the right stage apply here

also,

Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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l Table 2 - Errors in Grid Coordinates
: ] STAT
Instrument Serial No. Left Stage
16
. True Grid Position Errors in "Raw' Measurements Errors after Adjustment
(mm.) . . (Microns) ' (Microns)
! o :
p.< Yy (5] e X Yy
: -8 —& X -y a a
l -200° +100 +14 -1 -2 +3
_ -100 +100 . . +11 + 7 -1 -2
' 0 +100 +9 +26 + 1 + 5
_ -200 0 + 6 -13 + 1 -1
l -100 o’ +2 - 8 + 2 - 8
| 0 0 -2 +11 + 2 -1
-200 -100 - 6 -16 _ + 2 + 5
-100 -100 -16 -14 -3 -5
0 -100 ' -18 + 8 - -1 + 4
Mean of absolute values: 9.3 11.6 1.7 3.8
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1IV. EVALUATION OF SERIAL NO, RIGHT STAGE

17

A. Measuring Procedure

The measuring procedure was the same as that described for the left

stage of Serial No. -- i.e., the grid plate was measured in two positions

and then tied together, resulting in a 100 mm. grid spacing and a total of 15

points,

B. Evaluation of the Mensuration Accuracy in the Present Condition

The procedure was the same as described previously. The results
are presented graphically in Figure 4. The mean magnitudes of the errors
in the x and y coordinates for the 15 points were found to be:

0.1289 mm.

]

128.9 microns

m
X

i

0.0791 mm.

m 79.1 microns

y

Further analysis of the data shows the scale errors in the x and y

directions to be:

-0.0025% (2.5 microns per 100 mm.)

[i]

dM
X

dMY +0.0124% (12.4 microns per 100 mm.)

and the non-orthogonality of the axes to be:

dB8 = +0.002555 radians

C. Accuracy After Removal of x and y Scale Errors and Non-orthogonality

of axes.
Substituting the specific values for scale errors and non-orthogonality
given above in the previously cited adjustment equations results in the

following:

Declassified in Part - Sanitized Copy Approved for Release 2012/04/19 : CIA-RDP78B04770A001700070014-3
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»
i

(+1.000025)x  -(0.002555)y _

<
n

a (+0.999875)ym

The mean magnitudes of the errors in the x and y coordinates after

adjustments are as follows:

8

0,0045 mm. = 4.5 microns

0.0050 mm. 5.0 microns

)

Note that the original error values for this stage are very high

compared to the other three stages. This is due to a very poor relative

>_a.1ignm.ent of the axes -- i.e., the non—o¥ onality is exceptionally high

(0.00256 radians, or approximatdly 0°O9'I). ote further, however, that the
errors after adjustment compare favorably in magnitude with those of the
other three stages. Thus, the non-orthogonality can be compensated for
adequately through the adjustment equations.

The errors in the raw coordinate readings (indicated by the &fﬂ
lines) for eaéh grid position are given in Table 3, Columns (3) and (4); the
errors after adjustment of the coordinates for x and y scale errors and non-
orthdgonality of the axes (indicated by the red lines) are given in Columns (5)

and (6). Note that improvements of 97% in the x coordinates and 94% in the y

coordinates can be obtained by the utilization of the adjustment equations.
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' Table 3 - Errors in Grid Coordinates
Instrument Serial No. Right‘ Stage STAT
i
19
1
True Grid Position Errors in "Raw' Measurements Errors after Adjustment
(mm.) . (Microns) (Microns)
l e e
- g _x Sy *a Ya
' -200 ~ +100 +187 -115 -8 +1
-100 +100 +197 - 49 + 4 + 2
' 0 +100 - +187 + 21 - 4 + 8
+100 . +100 +189 + 83 -1 + 7
+200 +100 | +191 +135 + 4 . -5
l -200 0 + 3 -137 -1 _ -9
-100 0 + 12 - 70 +10 -6
| . 0 0 -2 v o4 -2 + 4
+100 0 - 2 + 59 + 1 -5
I +200 0 + 0 117 + 4 -11
-200 -100 -189 -140 -2 + 0
l -100 -100 - -179 - 78 +11 -2
0 -100 -197 - 5 -6 + 7
+100 - -100 -201 +59 -7 + 8
l +200 -100 -198 +115 -3 +0
' Mean of absolute values 128.9 - 79.1 4.5 5.0
i
1
)
i
i
N
i
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V. -EVALUATION OF SERIAL NO. LEFT STAGE

20

. A, Measuring Procedure

The measuring procedure was identical to that used at the right stage

of this instrument.

B. Evaluation of the Mensuration Accuracy in the Present Condition -
The procedure was the same as described previously. The results
are presented graphically in Figure 5. The mean magnitude of the errors in

the x and y coordinates for the 15 points were found to be:

m

< 0.0124 mm, = 12,4 microns

m 0.0085 mm. = 8.5 microns

y

Further analysis of the data shows the scale errors in the x and y

directions to be:

dM
x

i

+0.0050% (5.0 microns per 100 mm.)

' dMY +0.0084% (8.4 microns per 100 mm.)

and the non-orthogonality of the axes to be:

dB = +0,000173 radians

C.- Accuracy After Removal of x and y Scale Errors and Non-orthogonality

of Axes
Substituting the specific values for the scale errors and non-
orthogonality given above in the previously cited adjustment equations

results in the following:

X

o = (+0.999950)x -(0.000173)ym‘

Yo = (+0.999916)y
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- 21

The mean magnitude of the errors in the x and y coordinates after

adjustment are as follows:

3

0.0063 mm. = 6.3 microns

0.0057 mm. = 5,7 microns

3
I

green
The errors in the raw coordinate readings (indicated by the kdee lines)

for each grid position are given in Table 4, Columns (3) and (4); the errors
after adjustment of the coordinates for x and y scale errors and non-
orthogonality of the axes (indicated by the red lines) are given in Columns
(5) and (6). Note that improyements of 50-% in the x coordinates and 33% in
the y coordinates can be. obtained by the utilization of thé adjustment

equations,
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I :
l - Table 4 - Errors invGrid Coordinates
Instrument Serial No. Left Stage STAT
i
22
| |
True Grid Position - Errors in "Raw'' Measurements Errors after Adjustment
(mm.) . (Microns) (Microns)
I e | e
- e = _y "a Ya
l -200 +100 +11° 0 + 8 + 0
-100 +100 + 5 2 -3 - 2
' 0 +100 + 7 -1 -6 -9
' +100 +100 ' +16 + 5 -2 -8
l +200 +100 ., +26 +25- + 3 + 8
-200 0 - 2 + 9 +10
‘ -100 0 - -4 + 5
. ' 0 0 -5 - -5 -3
- +100 0 + + -4 -2
l +200 0 +18 + 20 +8 +11
-200 -100 - -16 -14 + 7 + 3
l -100 -100 -22 -14 - 4 -1
0 -100 ~ -25 -18 -12 -9
- ' +100 -100 -14 S -13 -6 -9
+200 -100 +10 + 6 , +13 + 6
l Mean of absolute values: 12.4 8.5 6.3 5.7
i
i
|
i
. Y,
i
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" VI. COMMENTS AND RECOMMENDA TIONS
23

(1.) The accuracy of the coordinate measurements as obtained from all
four stages of the two instruments can be measurably improved through the
use of the proper adjustment equations. The set of adjustment equations to
be used for the data from each stage are given in the previous section.
These equations permit one to compensate for the average x.and y scale
errors and non-orthogonality of the axes. Secular or periodic lead screw
errors are not compensated for by the use of these equations.

The improvement in results which can be expected if these equations

are utilized are indicated in the following tabulation.

Table 5 - Summary of Evaluation Results
Mean Errors in Mean Errors in
"Raw'' Measurements Adjusted Measurements Improvements
Table No. Stage (Microns) (Microns) - (Percent)
m m 'mx ™ X

X y a Ya ¥

ST Right 10.0 14.8 4.0 3.1 60 79

Left 9.3 11,6 1.7 3.8 82 68

Right - 128.9 79.1 4.5 5.0 97 94

Left 12.4 8.5 6.3 5.7 50 33

It is not possible to make a more detailed error analysis in the
presence of the mechanical operation aberations discussed previously (drift,
binding, etc.). Also, the derivation of the adjustment equations has been

influenced to some degree by ‘the mechanical operation problem. It is felt

that most of these effects were compensated for by taking two sets of

readings at the grid intersections, using a reverse pattern for the second set,

HE BN a5 55 BN BN BN ES BN B B B B B EE Em =
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The average of the two readings should then be adjusted through utilization

. 24

ILLEGIB
Hence, the initial recommendation is that all point measurements be

taken twice. A pattern to include all the points should be established;

readings should then be taken by traversing this pattern in both directions,

of the transformation equations appropriate for that stage.
(2.) Unless reproducability of coordinate rea‘dings can be obtained (i.e., -

7
the same readings for a given point, independent of the time between /

readings !ind the direction of approach), no further error analysis will be ILLEéIB

justified; nor can it be expected that the results can be measurably improved L/

~Thece  Qecqyy o] |
beyond those 1nd1cated under "adjusted measurements' in Table 5. It is felt /

that a thorough cleaning and lubrication of the ways and bearings are a
necessary initial step. If this simple procedure does not remove the drift
and binding, a more thorough analysis of the problem by mechanical and
optical engineers will be required. |
(3.) After implementé.tion of recommendations (l)A and (2), a major proce-
dural dec_ision must be made. Essentially, several courses of action are
possible, requiring widely varying expenditures. These are:
(a) Continue with the procedure outlined in recommendatic;ns (1)
and (2)la.bove. The results should be at least as good as
those indicated in Table 5, and probably will be somewhat
improved with removal of the mechanicai operation aberations,
(b) -Re-e'valuation of the stages after removal of the mechanical
operation aberations. This would result in more accurate
adjustment equations., A minimum of 45 points. per stage is
suggested if this procedure is to be followed. (With the grid
plate available, it is pos sible to obtain up to 200 point

measurements per stage, if desired.)
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This course of action would require another data collection
effort and preparatvionv of a report similar to this one.

(c) A more extensive evaluation could be made; resulting in
better adjustment procedures, but étill not requiring.
i'ne::hanical adjustments of the instruments themselves.
Visual analysis of the error diagrams attached to this
report indicate certain secular lead screw errors and
curvature and weave of the ways errors are present. It.

ILLEGIB
is believed that it would be possible to define these minor

error sources in sufficient detail through measurements
of the available grid plate, if measurements were taken
a.f 10 mm.. intervals. (A total of 200 points). More deta
could be 'obtained through measurements of special scale

as mentioned in the original proposal, but it is theorized

that this additional detail is not required to meet the accuracy
requirements specified for these instruments.

Essentially a '"correction grid'" would be constructed for

each stage of each instrument. One could then enter this

correction grid with the absolute coordinates of a point and

determine the corrections to be applied to the x and y ILLEGIB

coordinates. This adjustment procedure could be programmed.

and computerized, ILLEGIB

The principal disadvantage of this course of action is that

the adjustment procedures would be tied to specific locations

on the stages -- i.e., it would be necessary to know the

absolute position of the point being measured with respect
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to a fixed coordinate systém on the stage. This could be
accomplished if two points off the photdgraph were
measured v;/ith each set of phoﬁo coordinates taken at the
stage. While the procedure is fairly simple, operat10nal
compllcatlons may arise if several instrument operators
and data reduction specialists are employed.
This course of action, then, would requi;‘e extensive grid
measufemen’cs, analysis of the data, and preparation of -
the correction grids. No instrumental adjustments would
be 'required, but the adjustment procedure would have to
be employed at all times, for the raw coordinates would
be of the same quality as are being obtained presently.

(d) Alignment of the table. This course of action will be ’7 /{NI #9%

- : Y -~ He ,ir"::{/

far,}th_e most expensive., However, the mensuration
tabies could then be employed in the manner in which they
were originally conceived -- i.e., the raw coordinates at
any position on the table could be used as data inputs for
any further analytical purposes. It should be possible to
mechanically remove the non-orthogonality of the axes,
and the curvature and weave of the ways.

It is believed the lead screws are not of sufficient quality
to provide the desired accuracies. Relatively large scale
errors and secular lead screw errors are present, as
evidenced in the data collected for this initial evaluation.

Better determination of these errors can come only

through more extensive evaluation procedures, as

S O e e
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mentioned above. It is theorized that adequate results can

be obtained through calibration and adjustment of the result-

N 7
/‘/z/ A

must be replaced if the raw instrument readings are ever /,» /p
to meet the accuracy specifications. e
(The writer is not familiar with the mechanical configuration

of these instruments. It is reported by others that scale

errors and secular lead screw errors may be removed if

the instrument is equipped with a correction bar, fitted

with a milled slot or riding edge. It is felt that it is unlikely

that these particular instruments are so equipped. The

screws are adequate to provide readings to one millimeter,

. - . P
the least c_owt capability of the instruments in )

o N\ ‘ rd

their original state/it is not likely that the instruments
were C'onstfucted with lead screws capable of measuring

to 0.001 mm., and then equipped with a least count readout
of one millimeter, as there would be a significant cost
differential in the quality of lead screws required. At any
rate, since it was impossible to obtain readings to any
accurac;y greater than one millimeter until the new elec-
tronic counters were installed, it would have been
impossiblle for the original manufacturer to evaluate the

instruments to any greater accuracy.)

Summéry_
 Results can be considerably improved through the utilization of the

appropriate adjustment equations. However, the desired accuracy for these
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instruments (i.e., distances measured must be accurate to within t2. 5
microns plus 0.005% of the distance measured), will not be met,

In general, the mean errors in positions will be approximately 6
microns; 'distapées, which involve differences in two positions, can be
expected to have a mean error of roughly 8 microns. These values should
be considered as "'order of magnitude' values only -- they are not
"'statistically correct" due to thé masking effects of the mechanical operation
aberations and genéralization of values ovef the four stages evaluated.

Drift and binding of the readings heads n;xust be removed or the
errors_ in indi;ridual readings could be considerably'»higher. After removal
of the mechanical operational problems, it will be possible to derive befter
adjustment equations, including statistical estimates of the degree of con-
fidence to be placed in these equations.

A more extensive calibration procedure, utilizing '"correction grids',
can be derived and willi probably reduce the residual errors to within the
desired accuracies. However, considerable flexibility in the measuring and
data handling .procedures will be lost.

If it is necessary to bring the capabilities of the instrument itself
into line with the desired accﬁracies, it is believed that the existing lead
screws must be replaced with high precision lead sc;fews‘ with much smaller
scale errors and tolerable periodic a;nd secular errors., It is felt that it will
then be possible to remove the other error sources in the instrurﬁe.nts (non-
orthogonality, curvature and weave of the ways) and derive coordinate

‘measurements within the stated tolerances.
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ALTERNATIVE COURSES OF ACTION

1. Eliminate/the mechanical operation aberrations (drift, stuttering,: etc.).

It may be possible to accomplish this in-house (inspection, cleaning,

lubrication, by in-house technicians). has no special

qualifications in this area. If in-house personnel cannot solve problems

it is suggested the original manufacturer should be approached.

2. Determine real accuracy requirements. Some uncertainties seemed to exist
earlier. If position accuracy of roughly 6-10 microns or more can be
tolerated, implement step 3; if higher accuracies are required (1-4

microns), implement step 4.

3. Two approaches are possible: (a) calibration with no instrument alignment
and adjustment, and (b) alignment and adjustment of the instruments

(retaining existing lead screws).

a. Adjustment equations similar to the ones presented inyihis
reﬁort could be derived. These are universal in that one set
of equations (x and y) can be employed for the entire stage and
the absoiﬁte location of the photo point need not be known.

The adjustment equations derived from the initial evaluation
(see attached report) could be used, but there is a good chance
the results could be impro&ed to near the lower end of the 6-10
micron range if an evaluation were made after removal of the

mechanical operation aberrationms.

(1) Principal advantage: no mechanical or optical i
modifications to the instruments would be required

(beyond that in-step 1).

(ii) Primary disadvantage: all coordinate readings must
be adjusted through the appropriate stage-specific
adjustment equations. The accuracy of the raw:

 coordinate readings would be no better than in the

present state.

i1s prepared to perform the evaluations and

formulate the adjustment equationms.
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~b. Alignment of the existing lead screws and removal of the

I

major curvature and weave of the ways errors could produce
better results than are presently being obtainéd.v However,
the scale errors in the lead screws range up to 0.024%;
creating errors of up to 24 microns per 100 mm. of travel.

It is felt unlikely -that these can be removed by mechanical
adjustment, but this problem should be referred to mechanical-

optical engineers. ' o
B ’7\\\

.(i) Principal advantage: coordinate readings could

be used directly; no adjustments necessary.

(ii) Primary disadvantage: relatively large errors will
still be obtained, with considerable variation
between ‘stages. On the average, errors will be in
the neighborhood of + 6 microns + 0.015% of the
distance between poiﬁts. (This contrasts with a
stated desired accuracy of *+ 2.5 microns + 0.005%
of the distance between points -- i.e., actual
errors will be roughly 3 times that desired;
individual errors may be considerably larger than
that.) If mechanical adjustment of lead scfew.scale
errors is possible, considerably better results
could be obtained. After aliénment and adjustment,
an evaluation similar to the one just performed will

be required.

2
>
_|

‘has no special competence in the instrument

modification area, and suggests the original equipment manufacturer

be contacted for services in this line. is willing to

do the evaluation, if desired.

4. Again two approaches aré'possible: ' (a) calibration with no instrument_
alignment and adjustment, and (b) .replacement of the lead screws and

alignment of the ways.

(a) Use of a calibrated grid will probably produce results approximating

the accuracy desired -- (+ 2.5 microns + 0.005 per cent of the

distance measured) -- without major component replacement or

T
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alignment. Reproducability of coordinate readings is a requisite,
however -~ i.e., step 1 must be accomplished. With the calibrated
grid, corrections in x and y can be applied to each set of phoﬁo'
coordinate readings, dependent on the absolute position of the

photo point on the stage.

(1) Principal advantage: accurate results can be obtained

with no major equipment modifications required.
A

(ii) Principal disadvantage: extensive evaluation and
calibration procedures will be required. (Rough
estimate: approximately 5 times the effort. required
for the initial evaiuation.) Absolute positions of
each photo point must be known. This requires
reading coordinates of 2 fixed points off the photo
everytime a new photo is to be measured, and every
‘time the coordinate ré—indexing capability is
utilized. The procedure, although.fairly simple,
must be thoroughly understood by each comparator
operator and initial data analyst. This may create
operational problems if several operators and analysts

are involved.
[:::::::::::}is willing to prepare the calibration grids.

(b) Replacement of the lead screws and alignment of the tables. It

)
|

----E-----

is felt that new, precision lead screws will be required if
accurate coordinate reédings are to be bbtained direcply (i.é.,
without adjustmént or use of a calibration grid). It is probable
that the errors due to curvature and weave of the ways can be

removed through alignment or minor mechanical modifications.

(i) Principal advantage: coordinate readings can be
used directly as taken from the electronic counters.
In other words, the instruments could be used in the.

manner originally intended -- as standard'comparators.

(ii) Principal disadvantage: relatively high costs and

engineering complexity involved in replacing screws

| .
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. il ...-and making major modifications. After modification,
- an evaluation similar to the one just performed will
l be required.
STAT

has no special competence in the instrument

modification area, and suggests the original equipment manufacturer

be contacted for services in this line. is willing to STAT

do the evaluation, if desired.
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REPORT ON EVALUATION OF TWO MENSURATION TABLES
AND PRELIMINARY ERROR ANALYSIS

Evaluations of both stages of two mensuration light . STAT

tables were performed through instrument measurements of a calibrated

grid. The two mensuration tables are identified as Model No. 552Al101,

Serial Nos.\ ‘ In making the measurements, it became apparent

the mechanical operating condition of these tables was unsatisfactory,
as evidenced by the fact that the same coordinate readings could not be
obtained for a given point after the reading head had been moved away
from the point and then returned. Probable causes of the incompatible
readings are given later.

A preliminary error analysis was conducted for gqch stage to determine
the degree of non-orthogonality between the two axés, the scale error along

the x-axis, and the scale error along the y-axis. Values derived for these

T bt avigrs v in e a2, 3,850, A acl Gipcar ey
quantities must be approxxmate/?ue to the non- reproducabLlltv of results ceﬂnvLCOQ—f

mentioned above. The poor operating characteristics of the tables pre-
cluded the investigation of minor error sources such as periodic lead screw
error and curvature of the ways. Evaluation of these latter errors must
await proper operating characteristics, compensation for scale erfors in
the x and y directions, and alinement of the coordinate axes of the instru-
ment to an orthogonal position.

A. Grid Plate

A 9 x 9-inch precision Grid Plate was obtained from the VEB Carl Ziess
Jena Company. An accompanying calibration report indicated the grid gradua-

tion was measured at 33 points evenly distributed over the plate. The mean



. evaluation, error analysis, and alinement to the accuracies specified for
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errors of position in both coordinate directions relative to an ideal grid

(with a mesh size of 10.0000 mm.) defined écgording to the least squares

method were determined from these measured values. The mean errors of

position obtained were as follows:
i’_ﬂ.////fr
2 300 s-en

]
I+

0.0008 mm.
= £ 0.0008 mm.

m
X

m
Yy

The graduation errors ascertained with respect to the 33 grid inter-

sections are listed in the calibration report. However, for purposes of

these instruments (i.e., distances measured must be accurate to within * 2.5
microns + 0.005% of the distance measured), the grid may be considered
"perfect" or error-free.

B. Operator Pointing Error

Replicated x and y coordinate measurements were made at 33 points to
determine how well the operator could reset the pointing mark at the grid
intersection. The maximum instrument magnification capabilities (128 X)
was used for these measurements and all subsequent evaluation measurements.

The width of the grid lines is 15 microns; the diameter of the point mark

is also 15 microns at the magnification used (with the pointing mark dot
size set at maximum).
Analysis of the replicated readings indicate the standard deviation of

1 setting to be:
W) e

1+

s, = 0.0011 mm. + 43’3//%_&%

s = 0.0011 mm.
y

It should be noted the replicated readings were taken without major movements

i+

of the optical reading head and it is hoped the mechanical operating problems

did not affect these readings, but this cannot be assured. At any rate, the
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pointing accuracy is at least as good as indicated above. Since two readings
were taken at all subsequent measurements, the standard error of the average
can be found by dividing the standard deviation of one setting by the

square root of 2, or:

¥

013’/(4;

=+

0.0008 mm.
0.0008 mm.

S =
X

S =
y

Hence, the errors in pointing are of the same order of magnitude as the

3L b6 pmn

t+

errors in the grid.

C. Mechanical Operating Problems

The following erraticisms in mechanical operating characteristics were
noted during the evaluation procedure.

1. Drift. The most noticeable and identifiable cause of non-reproduca-
bility of coordinate readings was drift -- i.e., it was noted that the point-
ing mark could be set at a grid intersection, and then would drift away from
the intersection with time. The coordinate counters did not move during this
drift -- i.e., different readingsrwere obtained when the measuring point was
moved back to the grid intersection. The following set of readings indicate
the variations in coordinate readings for a given point with time. (Note: the

x-coordinate remained constant; drift occurring in the y-direction only.)

Time _ y-Coordinate Reading (mm.)

12:16 72.186
217 .189
:18 .190
:20 .192 “eizcx:?“gex;
122 : .194 terons
156 . .198

These data were collected at the right stage of Instrument No. [:::] However,

comparable drifts were noted at the left stage of No. and the right stage

of No.[::::] In a 15-minute trial, no drift was noted at the left stage of

No. [::] There was no drift in the x-direction at any of the four stages.
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Further evidence of the "drift" in y-coordinate readings, and the
nature of the drift, can be seen by comparing the readings obtained on two
passes over the 25 points measured on the left half of the right stage on
Instrument No.[:::] (There were 5 lines of 5 points each; pass 1 was made
in the order shown in Figure la, pass two immediately the;eafter in the
order shown in Figure 1b. The values in Figure lc are the difference in
y-readings for the two passes.)

Note that the discrepancy in y-coordinate measurements increased as the
time between readings at the points increased -- i.e., the two readings for
the point in the upper left corner were taken in succession with little
time lapse or movement of the optical head between readings, whereas the
series>of readings was started with the point in the lower right corner and
the pass two readings for this point was not taken until the end of the
series. Note further that the discrepancies for a given row are fairly con-
sistent and major changes seem to occur between rows. This leads one to
suspect the instrument is 'binding" in the y motion; the major '"binds" occurring
when the reading head is moved from one row to the next. A major disruption
in the pattern occurs in the fourth réw from the top. However, it is possible
some of the binding '"relaxed" in moving from the fifth point to the fourth
point in that row.

1t should also be noted that if the instrument was left in the position
at which the final reading in pass 2 was obtained, the aforementioned drift
tended to bring the instrument back to the original reading -- i.e., the 8
micron discrepancy in the point at the lower right corner in Figure 1 tended
to decrease with time. Further, it was noted that if the reading head was
moved rapidly back and forth in the y-direction, it was possible to obtain

the original reading.
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From the above observations, it is hypothesized that the mechanical
operation of the instrument is not satisfactory -- i.e., there appears to be
a tendency for the reading head to "stick' or "bind" in the y-direction.
This binding may release gradually, as evidenced by the slow drift of the
reading head in the y direction, or in spurts as indicated by the readings
in row four in Figure 1.

2. "Stuttering." When y motion of the reading head was initiated by

the joy stick, a noticeable "stuttering” occurred, clearly visible to the
operator as an apparent vibration in the image. Further, when the instru-
ment reading head was in motion in the y direction, a "groaning' noise was
clearly audible to the operator or anyone in the immediate vicinity. These
observations lend credence to the belief that the y motion of the instrument
is not functioning properly.

The vibrations and noises were noted at both stages of both instruments.

3. Variations in focus. Another indication of improper motion in the

reading head is the fact that the focus changed as the reading head travelled
over the area of the calibration plate. -- i.e., the focus could be set for
one grid intersection and then, when the reading head was movea to another
intersection and another part of the calibration plate, the grid would be
slightly out of focus; at still another point, it might be back in focus.
This phenomenon indicates the reading head is not moving in a plane parallel
to the grid plate. Apparently, the reading head moves in the vertical direction
while traversing the grid plate. Again, this could be due to binding in the
mechanical operation of the instrument.

It is important that the focusing adjustment not be tampered wi;b during
the course of a set of readings. Refocusing can cause a shift of several

microns in the position of the measuring mark. This is particularly true
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STAT

for the left stage of instrument No. [::] where a shift of up to 30 microns STAT

was noted. The shifts at the other three stages were much smaller.

4. Environmental conditions. If the accuracy of the instruments is to

be enhanced, and then maintained, it is essential that the temperature in the
instrument rooms be kept within a narrow range. Further, it appears that
more attention to cleanliness and maintenance will be required. The instru-
ments are quite "dirty" and one suspects they have not been lubricated since
their delivery. For the accuracies desired it is probably not essential

that perfectly vibration-free floor space be provided for the instfuments.
However, certain care must be exercised because of the "soft" foundation pro-
vided for the instruments by the foot pads. It was noted that a shift in the
measuring mark of approximately 8 microns occurred when someone leaned on a

corner of the instrument.

D. Evaluation of Serial No. Right Stage
g g

1. Measuring procedure. It was not possible to purchase a 9 x 18-in.

grid of sufficient quality for the evaluation. A 9 x 9-in. grid plate was
puréhased, having a rectangular grid mesh of 10 millimeteré, and a calibrated
accuracy of *0.8 microns in both the x and y directions. Not all of the avail-
able grid intersections were used in the evaluation procedure -- the spacing
between rows and between columns being 50 millimeters for the evaluation.
Since the grid plate was roughly half the size of the stage of the instrument,
it was necessary to measure the grid plate in two positions. The readings
taken with the grid on the right side of the stage were then tied to the
readings taken on the left side through the use of a standard rotation-
translation transformation based on the grid points along the common edge
which overlapped at the center of the stage. 1In all, then, the total area

in which gfid measurements were taken was 200 mm. by 400 mm., with a point
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spacing of 50 mm. (approximately 2 inches); resulting in a 5 x 9 grid
(8 x 16-in.), for a total of 45 points.

2. Evaluation of the mensuration accuracy in the present condition.

The instrument readings were transformed to the ''perfect' grid through the

use of a least-squares rotation-translation transformation which maintained
the geometric integrity of the instrument readings. This permits one to
assess the mensuration accuracy of the instrument in its present state -- i.e.,
without any corrections or adjustments to the basic readings. (The instrument
readings have merely been rotated and translated to give the best fit to the
grid; their relative positions have not been changed.) Figure 2 indicates

the errors obtained at the instrument in its present state. The black lines
represent the perfect grid, and the red lines represent the grid as it was
measured by the instrument. Note that the errors have been plotted at a
greatly exaggerated scale as compared to the scale of the grid. Analysis

of the data for Figure 2 indicates the mean magnitudes of the errors in the

x and y coordinates for the 45 points to be:

0.0095 mm. = 9.5 microns 37;;“*““

0.0157 mm. =15.7 microns é/7/M'VM

m
X

m
y
Further analysis of the data shows the scale errors in the x and y

directions to be:

dM
X

dM
y

and the non-orthogonality of the axes to be:

+0.007486% (7.5 microns per 100 mm.)
+0.023959% (24.0 microns per 100 mm.)

]

dB = 0.000096478 radians 1.9 one-ace

3. Accuracy after removal of x and y scale errors and non-orthogonality

of axes. It is possible to remove the effects of x and y scale errors and
non-orthogonality of the axes by transformation of the instrument readings

through the use of the following transformation equations:
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1]

X (1—de) —ym(dB)

y

. (1-dM
a ’m (1-d y)

where (xa, ya) are the coordinates after adjustment and (xm, ym) are the
measured coordinates. Substituting the values for scale errors and non-

orthogonality given in (2) above, the equations become:

X

(40.99992514)x_ —-(0.000096478)y
a m m

y

a (+O.99976041)ym

(The values for the scale errors and non-orthogonality were determined through
the use of a least squares adjustment of the instrument readings from the 45
points.)

The blue lines in Figure 2 indicate the values obtained for the grid

after adjustment for the scale errors and non-orthogonality of axes. Note
the "fit" is considerably improved. The mean magnitudes of the errors in

the x and y coordinates after adjustment are as follows:

0.0041 mm.

m 4.1 microns

X

[}
0

m 0.0030 mm. 3.0 microns

y

The errors in the raw coordinate readings (indicated by the red lines)
for each grid position are given in Table 1, Columns (3) and (4); the errors
after adjustment of the coordinates for x and y scale errors and non-orthogonality
of the axes are given in Columns (5) and (6). Note that improvements of 57% in
the x coordinates and 81% in the y coordinates can be obtained by the utilization
of the adjustment equations.

To summarize, errors as represented by the red lines can be expected if the
"raw'" readings as obtained from the instrument in its present state are utilized;

the errors can be reduced to those indicated by the blue lines through trans-

formation of the instrument readings utilizing the equations given above. How-

ever, it must be remembered the effects of drift and stuttering have probably been
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True Grid Position (mm.)

Table 1. Errors in Grid Coordinates:

Instrument Serial| | Right Stage

Errors in "Raw' Measurements
(Microns)

- 50

+ 50
+100
+150
+200
-200
-150
-100
- 50

0
+ 50
+100
+150
+200
-200
-150
-100
- 50

0
+ 50
+100
+150
+200
-200
-150
-100
- 50

0
+ 50
+100
+150
+200
-200
-150
-100
- 50

0
+ 50
+100
+150
+200

Mean of absolute wvalues:

+++++++++
Ut
o

- 50
- 50
- 50
- 50
- 50
- 50
~ 50
- 50
- 50
-100
-100

-100-

-100
-100
-100
-100
-100
-100
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Errors after Adjustment
(Microns)
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averaged out through the use of the average of replicated readings at the .
points and the adjustment brocedure. Larger errors could be encountered
if single readings are taken at points distributed randomly over the stage.
Further, the reproducability of the accuracies reported above cannot be
guaranteed as the drift effects are not entirely systematic.

The errors remaining after adjustment (i.e., indicated by the blue
lines of Figure 2 and Colummns (5) and (6) of Table 1) are due to aberra-
tions in the mechanical operation of the instrument, periodic lead screw
errors, curvature of the ways, errors in the grid (very small), errors in
pointing (very small), etc. Differentiation of these errors is not possible
due to the "masking" effects of the mechanical aberrations (drift, binding,

etc.).
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